In this paper, we propose an effective time-of-arrival (TOA)-based localization method with adaptive bias computation in indoor environments. The goal of the localization is to estimate an accurate target's location in wireless localization system. However, in indoor environments, non-line-of-sight (NLOS) errors block the signal propagation between target device and base station. The NLOS errors have significant effects on ranging between two devices for wireless localization. In TOA-based localization, finding the target's location inside the overlapped area in the TOA-circles is difficult. We present an effective localization method using compensated distance with adaptive bias computation. The proposed method is possible for the target's location to estimate an accurate location in the overlapped area using the measured distances with subtracted adaptive bias. Through localization experiments in indoor environments, estimation error is reduced comparing to the conventional localization methods.
I. Introduction
Recently, wireless localization systems, which are designed to estimate the location of a mobile device in a wireless sensor network, have received attention. However, a GPS signal is not accessible for wireless localization system in indoor environments. Consequently, wireless sensor networks have been used for location-based services in indoors. In recent years, a variety of approaches for location estimation have utilized the time of arrival (TOA), time difference of arrival (TDOA), angle of arrival (AOA) and received signal strength indicator (RSSI) methods, as shown in [1] . The TOA method estimates the distance between two nodes, such as a mobile station (MS) and a base station (BS), which can be calculated by multiplying the time a signal arrives by the speed of light. In localization system, finding an accurate TOA measurement has received a great deal of attention for reliable ranging results between two nodes. Due to the high velocity of the propagation of wireless signals, 1ns error in a signal TOA can generate a ranging error of 30cm. Therefore, in wireless sensor networks, the ranging error is an important issue in the performance of localization system. Ranging errors are sorted as bias and random noise errors. Non-line of sight (NLOS) conditions [2] , clock offset [3] and unequal time [4] - [5] are well known reasons for bias errors. Random noise errors are caused by various environmental conditions such as channel fading and multipath [6] . A variety of localization methods have been designed and widely studied to improve the performance of TOA-based localization in wireless sensor networks, as reported in [7] . In this paper, contrary to conventional localization methods, we present an effective localization method with adaptive bias computation.
II. System Model in TOA Measurements
In TOA-based localization, the estimated MS's location is calculated using the TOA measurements among the MS and three more BSs in wireless sensor networks. The unique point of the intersection of circles with the distance data using a TOA measurement without error gives the location of the MS, as shown in Fig. 1-(a) . However, the circles with the measured distance using a TOA measurement with error do not accurately calculate the unique point of intersection, as shown in Fig. 1-(b) , due to ranging errors [2] - [6] . To evaluate the TOA-based location estimation scenario [7] in 
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III. TOA-based Localization Methods
In this section, we introduce several localization methods that are often utilized for TOA-based localization system, as described in 
Linear Least Squares (LLS)
The linear least squares (LLS) is represented by the matrix form in a non-linear expression of TOA-circles. In NLOS environments, the equation of i-th TOA-circle is expressed as
In order to transform a linear model, we define 
From the above expressions, we may obtain a LLS solution of the MS's location, and represent it as follows ( )
Non-Linear Least Squares (NLS)
The non-linear least squares (NLS) is a localization method which finds the smallest value of distance error among the MS and all
BSs. The NLS estimates the location of the MS using the lower complexity least squares approach [9] , and is represented as
where w i is a scalar weighting factor for the TOA measurements, which is associated with a weighted least squares (WLS) method [10].
Least Median Squares (LMS)
In 
Center of Gravity Method using K-means Clustering
Center of gravity (CoG) method [12] is a localization method using K-means clustering of intersections of TOA-circles. As illustrated in Fig. 2 , the TOA-based localization is described in 2-dimensions.
Fig. 2. Illustration of intersections in TOA-circles
By gaining the intersections of TOA-circles using TOA measurements, estimated MS's location is applied using K-means clustering.
Center of gravity method can be represented by
where ẋ is intersections of TOA circles, j is the number of intersection, and μk is the mean of coordinate in Sk.
IV. Adaptive Bias Computation
As shown in Fig. 1-(b) , the localization using the measured distance    has an overlapped 4) area in the TOA circles. Finding the accurate location of the MS inside the overlap is difficult in wireless localization. In Fig. 3 , assuming that the measured distance in each node with bias error and random noise shortens, it is possible for the location of the MS to estimate an accurate location in the overlapped area using the measured distances with subtracted adaptive bias as in [13] . 
where Mi is the factor of the adaptive bias in measured distance. 
In equation (11), if the value of adaptive bias
Mi equals error value ei, the measured distance    would be the true distance di. Also, if the bias value of the measured distance is lower, the performance of the wireless location estimation would be better than conventional localization schemes. In Table 1 The localization simulations using the proposed method were compared with LLS, NLS, WLS, LMS, and CoG methods. The verification for the localization was performed in a 36 × 22 meter gymnasium with the presence of interference and multipath, as shown in Fig. 6 Fig. 7 shows the experimental result, which is average data in Table 2 . The average estimation error of the proposed localization method is reduced by about 25% comparing to the conventional methods. Fig. 7 . Average result of estimation error in Table 2 5. Fig. 9 shows the experimental result, which is average data in Table 3 . The average estimation error of the proposed localization method is reduced by about 38% comparing to the conventional methods. Fig. 9 . Average result of estimation error in Table 3 VI. Conclusions
In wireless sensor networks, the presence of ranging errors is an interesting issue, because they can significantly degrade the performance of wireless localization system. As a result, a variety of localization methods have been investigated. In this paper, we present a simple localization method: a mathematical method to reduce random noise and bias error in TOA measurements. In wireless sensor networks, wherever the localization system is installed, a proposed localization method can be applied.
The proposed localization method is a step taken before estimating MS's location. As long as the proposed method has been applied, The accuracy of TOA-based localization method with adaptive bias computation shows more accurate estimation results than that obtained using conventional localization methods.
Through experimental results, the average estimation error of the proposed localization method is reduced by about 30% comparing to the conventional methods. Thus, the proposed method is well suited to various TOA-based localization methods in wireless sensor networks.
